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L. L. Dekcbhrun

The erticles Aescribes ¢ method for designing ma(n tnelectr/ic
nochanisms, intended for continucus contrn) vith euto
and regulstion dnvices, in ceres vhare messureren of the ’cn'ntrﬁllrc’

reremeder end - relir inery emrlificetion is €orplished by electrice]
-

/ /
methods. eleuleted formulas and e)’yﬂ"imenta] rcr(y/o} as ETE

hrouht out.

-

The cycle & alltnﬂm&t‘{crcnntro]. or reguletd~n of eny incdustrial
reremeter berins s h the determination of/tf;.e velne of the rersmeter
and ends with “the fulf$liment of the opefetion nececstry for re=
cording thie me;nitude, oNthe recctifn te it, The messurenent

T many industriel rerameters
{s corried nut by electricel mc

eulic or ;henme.tic—perfﬁmln(;/nnchan m ie uced Cor uccorrlishing
/!

the final vork, For cont?j]ing these mghunisms, & mechuricel

control device
vy regulstion),
its rovement gfin be achieved by en ordinary relay, fed CXom the electricel
and ar:lififetion syster. It is, thougb)frr-quently necersg
the rositfor of the control device change continuously as a fuxction
Jue of the con‘rolled rerareter. In such cases, the re
1onger/§':;‘e’% intermediate 1ink between the electric measuring
gmplificetion syster on one rand, and as & kydraulic or rreumatic=

whrforming mechenisn on the other hend. This rroblem @n be solved

; AormarD
,{atrictly through a ﬁou-;n‘? Arive mechanisr, However, in many C&fes,
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ewn-besauglt into

with speefe] truction TTOTeRt
ectroric. tube, &b ,—;t'\'mllt

atsas”

., e
opereTIsh drectly through

[etion of the autometic control or repuiut
e

'Jin ¢ dercrirtion ol the rrineirle of operetion, ceeign

velue. It can be used to eolve o rerier

is vroportionsl to the currert

of problers of sutorstic regulztion and control. In gceordence vith

mechanisn,

tre rrincijle of orerstion end the tunctiongl drsipnstion thir

[ it 4s celled tre "Mapnetoel cotric tr:etion mechenism! (Lxbr. 1) .

The outline drewing of the mechenism (the rrineciple nf this 1 echenism

vas introduced by Prof. V. 4. Tra> eznikov) is jpiicated in Fig. 1. It

nt cyliniricel magnet 1, polerized lengthwire elong

contadns a rermene:
2, through

one of the diameters of the mucnetic ecircuit 2 and the coil 7,

which direct current flous. The roveble yert is the marnet, which

can revolve eround its e te, If & direct current is flovirg through
the coil, the megnet tries to tcke such & rosition that the direction of
its ovn magnetic flur will coincide with the megnetic flux caused by

the coil; under there conditions, the magnet develores & mechanical

moment, The problem of com utation lies in determining the velue of the

mechanical moment, developed by the megne Il at different values of
current intensity in the coil, rroviding that the material end the dimensions

of the megnet end of the role frame, end the number of the coil-turns,

are knowe,

The firat step in the computation is to determine the inducticn

and the field intensity inside the megnet. The relation between the

field intensity and the induction inside of the material is expressed by

a magnetization curve, characteristic for every material, Curve 1

in Fig. 2 represents & part of the megnetization curve for ngltin® elloy,
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rroduced by our industry /1/. One can rlot, elong this curve a magnetic
intensity curve J, using the vell known relationship
2T e Y
\‘v. g lt flf-,\ et t/ RS S 7 (1)

The megnetization inteneity of tho considered meterial is represented

in curve 2 of Fig. 2.

3 The field inside of the magnet i formed by an external sovrce

) (for exemrle the coil through v:kic*@f_ m) and the ends of
the magnetized body (”) 1tself. After the rrocess of magnetizaticr is
corpleted, end the externel field is eliminated, the marnetic condition
of the meteriel will <se differes®, depending on whether the magnetic cir=

! cuit ise closed or sw orenwews. Thus, if the circuit 1is closed, this

condition will be indicated by roint By, in Fig. 7, corresrording to

H = 0. But if the circuit is open, the magnetic roles formed cn the

ends will yrocuce a demsgnetizing ficld ineide of the neterial, end the

settled stete will be such, ae to satisfy the condition

N ,T | : o

In order to cetermine this %statn, it is nece: sery to 'no¥
the intensity of the éemagneti?ing field forﬁe(l by the yoles, the deter-
minetion of vhich cen be done by & number of g‘rayvho—anulybie and empiricel
methods E; 2.7.

For i-finitely long, eylindrical mafnets, rolerized along one of
the Aiemeters, the reletionship between the intensity of magnetization
and the intensity of the dcragnetizing field, crepted by the ends /5/ is

A ( < /) ’I, oo )

This relationship is indicated in Fig. 2 by the struight

Jine 0C; its intersection with cmf\(?)/gi/ves the value of megnetizetion

intensity J,» vhich will characterize the condition of the magnetic
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metorial 4n the abaonce of ferromagnetic bocies neer it. The induction
B, correr onds to this megnetiretion intensity.

vhen the magnet 18 jngerted in the jole frare, condition (6
s cetisfied with other velues of B and H, 3. €y the magnetic ste'n of
the materisl will be aifferent, and In the process of transition to
a new ctepe, the relationshir between B and H is different then in the
rrocess of megnetizetions its grajhic mpresentttion 10 celled the
return wa; the return curve of "Altniv alloy is ge~eribed in Fig.
2 by the straight 1ine Boh*

As known/5/, & cylindrical body with diametricel nopnetizetion,
in an edenustely strong homogenous rield, is polarived evenlye hesuming
that this method of rolnrimtivn will «lso be proservod Lo rlecing the
negpet into the nrownting, end considering that the clearence is snell
in comparigon to the cylinder rodius, enc the me netie role i‘rmui’is

not, sctureted, €0 that one cen disreperd the decreuse of its magnetic intensity,

' the following reletion rey be obteined between tre mepnebic inéuction

e

in the body of the marnet and the intensity of the cemarnetizing field,

&4

(R EER

for an erbitrerTily chosen force tuhe (Fig. 2)¢

! - D50 )
\)’b\'.g.x\j l'..{)) oo (L)

where Q is the eree of the cross section, L - the length of the magnetic

tube, the mdexu refers to tre reterial of the mecnet, ond the index 3.45-'%
refers to the eir.
For the arbitrt rily chosen tube (Fig. 3)y considering that the

aviel noasurenents of the magnet end the air interval are equal,

% i s
WAt An A ad Ny -
{r~ l/\ )€ (5)

according to vhich the relationship (4) cen be prought to the form

Yot o £078 ©
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This relotienchip, indict +ed in Fige 2 by the streicht line @,
hes to be sotisfied by the induction and the field irtensity ir the meterisl
o} the mspnet, tied in, moreover, with the cherscteristic of the muteria)
(return _curve). Censeauently, the cendition of the ruteriel, efter
1ts introduction into the role frame, will be identicel in the entire
volume of the mugnet end w111 be cherscterized In toint T (Fif. ),

i, e. by the induction Be end the _field intensity Hg*

By calculstions, wecording to the described method fo enc-length
me: nets, for which the relationshiy (3) 1s no longer correct, recults
sre ohtaired very cimilur to tloce Mhy exyrer iment, vhich gives
evidence of the insignificent influence of the Aistorted field ut the
ends of the megnet on the mernetic condition of meterisl vith greet
rententivity.

The £ cconé stege of caleuletion is the determination of tle velue
of mechcnicel morent develored by the resmet uncer the effect of the

' coil field.
The feesurement of & rechenical rorent cen be determined from

tte reletionship

U O )
%’“""”‘j YRR )

Here dtp 4s an elementel deflection angle, d& the mechanicel vork
rerformed by the drive with & turn of the magnet to an angle d T
There are two sources of energy in the magnetoelectric drive,
throurh vhich mechenicel vork cen be acconplished:
&) the store of energy in the megnetic field, vhich cen be coenditionally
aivided fut~ emercy Ay, connected with the rermanent mecnet, and enercy
A2y connected with the vinding.
) ’ b) ‘the current source supy 1ying the winding. Srecifying the
energy put cut br the current source during the deflection of the magnet
to the angle & @ by d'AE’ the equetion of the emergy balance of the
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mafnetic field cen be vritten in the form

LN o , P '

P
lience fror (7) enc (7) Kesilts

sk oy 0 .

The rernitude of the fio0ld energy of the rermanent magnet on a

knovn scale cen be reprresented by the arec of the triengle Ol4 in

Fip, 2 6/, Tris eres changes if the rurnetic cordition of the muterial
&lters, i, e,, if roint p shifts elong the return curve, The

megnetic condition of the meterial of the magnet durdng ite rotation
around the exie cen be changec by:

8) veriation in the re-netic conductivity for the flux of the rapnet,

b) effrct of the evternel fie’d (enil field),

The £irct of these ccusas cennot tube riece in the considered o ce,
cince the rolsr freme ervelores the magnet evenly over the entire cir-
cunference,

One ecr dirregurd the effect of thre oxternal field on the marnetic
condition of the reimet, as & first arproximation, ct any rate as long
as the fielc intensity, crected in the bocy of the ragnet by the current
flowing tkrough the vinding, is smell in corperison with the rententivit:
of the meteriel, Thus, with sufficient aprrovimation, it can be assumed

y that \

bt B A, P

The energy of the coil field, if we neglect the non-lineerity of
the ragnetic characteristics of materials of the megnetic ecircuit end
the magnet (which is admissible, in practice, since the magnetic cir-

cuit works in en induction region far from seturation, end the return
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curve which serves &g the working charecteristic of tre magnet meterial

is very neerly e straight lire) can be exrressad by the simple formule:

M. Q/U. P‘ N 7 (10)

vhere 1 is the curr-nt gtrength in the coil, 1L is the Inductence of the coll.
w ‘L(r () v ) (11)

# - the number of coil turne, R - the combined megnetic reaietance
to ita flows 1y Qs - geometric dimer.siom of the elements of thc ragnetic
circui’c arrenged in series, }4 - their megnotic remeability. hl-
though the magnetic remeab*]ity of the magnet material 1e not wniform
in different directions in regerd to the rlene of rolarization, ﬂ.m
rotation of the magnet does not produce eny considerable veriction
of Ay with the condition that the current in the coil remeins un-
chenged. ' .

Consecuently, one cen assume

Jorod ay 1A eyt S )

If the flux, 1inked with the coil in vhich the cun‘ent i [lows,

increases byA§ , the arount of energy transmitted from the source

of the current to the magnetic field is

W*a. P57 12)

In our case, the rotation of the magnet by the angle (Pi‘rcm the
neutral rosition (Fige 4) will cause the flux, emerging from the
megnet inside the angle‘.f.(f /%ose in elong the magnetic circuit of
the co3l. The magnitude of thia ﬂux gan ! be found essily. Reeding
off the flow engle coov».ximte af' from the central plene of polarization

of the magnet, we ahull £ind that the flux

Yrdeg PV
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his the axisl length of the marnet.

M’bb a/)S"/

Consecuently, the curntity of energy given by the source of the

current 1s

('}’\uv'ivzd c..xé ()\(

end the turning rorment, according to (9), is

}““‘\'bﬁj bab. f b‘{

Changing from absolute electromagnetic units to th

A4acharges from the elementary aree on the surface o

The flux which now will o through the coil is

ones, and considering that the flux of the magnet is

9»,¢4~€j ey () s

we obtein a finel caleulated formula for the turning morent:

S>V~44LA;1441—6. £ \: 1’4

Below sre given basic dste end the working charecteristice of

one of the semples of MIM:
Diameter of magnete o o ¢ e e e e e e e e
Length of magnet o o o o oo o 0 o0 0 ” .
I;angthofthenirgap. e s e )
Induction in the materiak of the megnet . .
Full megnetic flux of the megnet , « ¢ o o
Resistance of coil o o o o o o @ 00 ° .

Mumber of turns of coile o o o o ¢ 2 ¢ ¢

Subétihxting in formula (18) the corresponding magnitudes, ve

£ the magnet; vhere
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ghall obtein the following e.xpression for the mechanicsl

comenn
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(14)

(15)

(16)

amn

(18)

2;-=1.6cm
hy=3cm
1p = 0.05 cm
By = 1620 G
F «780H
Rg = 4 200

1317000
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Mzl 07 x 10'4{1’; iw cos“l = 13,51 [&x on/,
vhere i in the cnrrent strencth in the cofl (mi).

Fig. 5 represents theoretical and experimentel curves of the dependence
of the moment on the angle of rotation of the rotor.

If the working stroke of the magnet corprises : 10° to 15° one
can conaider with sufficient accurucy thet the mechanical moment s pro-
rortional to the current strength in the coil, ar represented in Fig.
6y vhere ir shown the dependence of the moment on the current strength
in the coil at differert anguler jositions of the rotor.

Fven with & current of 5 mA, vhich cen be %lfrom & small
amplifying tube, the megnet developes a moment of about 65 £ x cm,
entirely sufficient, for example, to operate by means of a needle
valve a ¢ nechanism of the type "airka", The smell dimensions of
the mechanism end the ebsence of contacts makes this an extrerely

convenlent mechenism for a series of industrisl spperatus,

The Department of Flements of Automatic Devices of the Institute of
Automatic Control and Telemechanics of the Acedery of Sciences of

the USSR,
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Fic. 4 Computetion of the value of the driving roment V y

Fig. 5 Dejcndence of the turning moment on the anple of turm of the
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Fig. 6 Derendence of the turning moment on the current in the coil
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